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In situ non-radioactive detection of nuclear factors in paraffin
sections by Southwestern histochemistry
Technical Note
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In situ non-radioactive detection of nuclear factors in paraffin sections proteins that bind to regulatory DNA elements located
by Southwestern histochemistry. Technical Note. cis to the target genes [1].
Background. Transcriptional activities of genes require intermediary
Several studies have demonstrated that in immuneregulators (nuclear factors) that bind to specific segments of nuclear
DNA. A method to localize in situ the distribution of these factors using glomerulonephritis and atherosclerosis, two processes
nonradioactive oligonucleotides in paraffin wax–embedded tissues is that involve marked mononuclear cell infiltration, theredescribed. The distribution of two nuclear factors, activated protein-1
is a release of important mediators that induces the in-(AP-1) and nuclear factor-kB (NF-kB), was studied in two experimen-
tal models of immune complex glomerulonephritis in rats and athero- flammatory cascade leading to tissue damage [2, 3]. The
sclerosis in rabbits.
initiation of inflammation has been attributed to the re-Methods. Sections were fixed with 0.2% paraformaldehyde and were
digested with pepsin A. Oligonucleotides containing the consensus lease of chemotactic factors that triggers a cascade of
sequence of NF-kB and AP-1 were 39-labeled with digoxigenin. The events characterized by mononuclear cells recruitment
preparations were incubated with the labeled probes (48C, overnight).
[4], cell proliferation, and accumulation of matrix pro-After washing, the sections were incubated with an antidigoxigenin
antibody conjugated with alkaline phosphatase, and the color reaction teins [5, 6].
was developed. In addition, this method was combined with standard Transcription factors, such as nuclear factor kB (NF-
immunohistochemistry to identify the cell-type-specific localization of
kB) and activated protein-1 (AP-1), regulate the genethese DNA-binding factors.
Results. Kidney sections from rats with immune complex nephritis expression of several cytokines [7–9], chemotactic pro-
showed positive nuclear staining for AP-1 in the nuclei of several teins [10], adhesion molecules, and matrix proteins [11]
glomerular and tubulointerstitial cells. Arteries from rabbits with focal
involved in inflammation, immunologic responses [12],atherosclerosis presented nuclear staining for NF-kB in the neointima
and media. The nuclear staining was highly specific, as assessed by cell differentiation, and growth control [13, 14]. Thus, a
several negative controls. In addition, Southwestern histochemistry in certain link exists between the activation of these factorsrabbits, followed by immunohistochemistry, demonstrated that the NF-
and inflammation in vivo.kB activity was present in the area occupied by macrophages and
smooth muscle cells. To understand the regulatory mechanisms of tissue-
Conclusion. These results show a novel method of in situ transcrip- type-specific gene expression better, it is essential totion factors detection using nonradioactive probes in paraffin wax-
localize in situ the distribution of these transcription fac-embedded tissues, which allows a simultaneous visualization of the
cell-type-specific localization of these nuclear factors. tors in the tissue. AP-1 activity has been studied in brain
tissues by a method called Southwestern histochemistry
or in situ DNA protein binding [15, 16]. However, this
Transcriptional activation of proinflammatory genes technique has been developed with radioactive probes
is controlled by a complex regulatory network in which and in only frozen tissues, excluding the possibility of
specialized transcription factors serve as intermediary identifying activated cells. In this study, we have devel-
regulators of different signal transduction pathways. oped a novel method of in situ transcription factor detec-
Many of these transcription factors are DNA-binding tion, using nonradioactive probes for NF-kB and AP-1,
in formalin-fixed and paraffin wax-embedded tissues
such as kidneys from rats with immune complex (IC)Key words: immunohistochemistry, transcription factors, cell-type spe-
cific localization, nuclear DNA. glomerulonephritis and femoral arteries from rabbits
with experimental atherosclerosis. In addition, we have
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METHODS taining 0.5 mg/ml poly(dI-dC) (Pharmacia LKB, Piscata-
way, NJ, USA) at a concentration empirically establishedExperimental animal models
(100 pM); then 100 ml of this solution were applied per
Immune complex glomerulonephritis model. Immune slide overnight at 378C in a humidified box.
complex (IC) glomerulonephritis was induced according
to a previously described protocol [17]. Briefly, rats re- Detection
ceived an initial subcutaneous injection of 5 mg oval- Sections were washed twice with HEPES-BSA buffer,
bumin (Sigma Chemicals, St. Louis, MO, USA) in com- washing buffer (0.03% Tween 20 in buffer 1, consisting
plete Freund’s adjuvant (Difco, Detroit, MI, USA), and of 0.1 m maleic acid, 0.15 m NaCl, pH 7.5) and were then
after three weeks, the same dose was given in incomplete incubated for 1 hour in blocking solution (0.1 3 SSC,
Freund’s adjuvant (Difco). One week later, daily intra- 0.1% SDS diluted 1:10 in washing buffer). Then the
peritoneal administration of 10 mg ovalbumin was started, preparations were washed once more in washing buffer
and animals were killed when proteinuria reached patho- and were incubated with an antidigoxigenin antibody
logical values (around 500 mg/24 hr). conjugated with alkaline phosphatase (1:250 in blocking
Atherosclerotic model. Atherosclerosis was induced in solution; Boehringer Mannheim) overnight at 48C. Next,
New Zealand rabbits according to a previously described sections were washed in washing buffer and in buffer 2
technique with minimal modifications [18]. Endothelial (Tris-HCl 0.1 m, 0.1 m NaCl, 50 mm MgCl2, pH 9.5)
damage was induced by the passage of industrial nitrogen at room temperature. Alkaline phosphatase was then
at a rate of 80 ml/min for eight minutes. After the surgical visualized by detection solution (45 ml NBT solution and
procedure, the animals were placed on a 2% cholesterol 35 ml X-Phosphate in 10 ml of buffer 2; DIG-Labeled
and 6% peanut oil diet (Letica, Barcelona, Spain) and Nucleic Acid; Boehringer Mannheim), and color was
were maintained for 28 days until killed. allowed to develop in the dark at 378C for one hour or
until a visible precipitate was developed. The reactionPreparation of probes
was stopped by incubation in TE buffer (10 mm Tris and
Synthetic sense DNAs 59-AGTTGAGGGGACTTT 1 mm EDTA, pH 8.0), and sections were mounted with
CCCAGGC-39 and 59-CGCTTGATGAGTCAGCCG glycerol.
GAA-39 (Genosys Biotechnology, London, UK), which
contain a consensus sequence of NF-kB and AP-1, re- Negative controls
spectively, were used as probes. After annealing with We used the following negative controls: (a) absence
their complementary DNAs (808C during 2 min), the of probes, (b) mutant NF-kB and AP-1 probes (sense:
probes were labeled with digoxigenin (DIG oligonucleo- 59-AGTTGAGGCTCCTTTCCCAGGC-39 and 59- CGC
tide 39-end labeling; Boehringer Mannheim, Mannheim, TTGATAAATCAGCCGGAA-39, respectively), labeled
Germany). with digoxigenin, at the same concentration as labeled
probes, (c) competition assays with a 100-fold excess of
Southwestern histochemistry unlabeled NF-kB or AP-1 probes, followed by incuba-
Samples of the kidneys and injured arteries were fixed tion with its respective labeled probe.
in 4% formaldehyde in phosphate-buffered saline (PBS) The different incubations and the development of the
and dehydrated prior to embedding in paraffin wax. color reaction in these negative controls were carried out
Sections were cut in 4 mm-thick pieces, dewaxed, and for the same length of time as for the labeled consensus
rehydrated. Then the preparations were incubated with probes.
levamisole (Sigma) to quench endogenous alkaline phos-
Double immunohistochemistryphatase and were fixed with 0.2% paraformaldehyde for
30 minutes at 288C. Preparations were then digested with Double immunohistochemistry was carried out on
0.5% pepsin A (433 U/mg; Sigma) in 1 N HCl for 30 slides directly from the final 1 3 TE wash of the South-
minutes at 378C and were washed twice with HEPES- western histochemistry protocol without allowing them
bovine serum albumin (BSA) buffer [10 mM HEPES, to dry. All treatments were performed at room tempera-
40 mm NaCl, 10 mm MgCl2, 1 mm dithiothreitol (DTT), ture.
1 mm ethylenediaminetetraacetic acid (EDTA), and Macrophages and vascular smooth muscle cells
0.25% BSA, pH 7.4]. Next, sections were incubated with (VSMCs) were identified with two monoclonal antibodies,
0.1 mg/ml DNAse I in HEPES-BSA for 30 minutes at RAM11 (Dako, Carpinteria, CA, USA) [19] and HHF-
308C and were washed once with HEPES buffer with 10 35 (ENZO Diagnostics, New York, USA), respectively.
mm EDTA instead of MgCl2 to end the reaction. Finally, Slides were washed in PBS, and nonspecific antibody
they were exposed during three minutes to different alco- binding was blocked by incubation of the tissue section
hol gradients (70%, 90%, 100%). for one hour in suppressor serum consisting of 6% goat
serum and 4% BSA in PBS (pH 7) for one hour. PrimaryThe labeled probes were diluted in HEPES-BSA con-
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antibodies, RAM11 (84 mg/ml), and HHF-35 (1:50), di- labeled AP-1 oligonucleotide (Fig. 1D), or in the absence
of probe (not shown).luted in 1% goat serum and 4% BSA in PBS, were
applied for one hour. The secondary antibody (goat anti-
NF-kB detection in atherosclerotic arteries in rabbitsmouse IgG horseradish peroxidase-conjugated; Harlan
We have previously shown that during early acceler-Seralab, Sussex, England, UK) diluted 1:100 in 4% BSA
ated atherosclerosis in rabbits, there is an increase inwas incubated for 30 minutes, and the slides were again
vascular NF-kB activation [20]. For that reason, rabbitrinsed with PBS and then stained for 10 minutes with
femoral arteries were chosen as a tissue model to be0.05% 3,39-diaminobenzidine tetrahydrocloride (Dako)
tested for localization of NF-kB by Southwestern histo-and 0.01% hydrogen peroxide in PBS. The brown color
chemistry.was developed in 10 minutes, and finally, sections were
In Figure 2A, there is an example of a control artery inmounted in glycerol.
which no staining was detected. However, NF-kB activity
Electrophoretic mobility shift assay was clearly increased (blue color) in the neointima and
media of injured arteries (Fig. 2B). Incubation of arterialNuclear factor-kB and AP-1 consensus oligonucleo-
sections without the probe (Fig. 2C), with a mutant oligo-tides were [32P]-end-labeled by incubation for 10 minutes
nucleotide (Fig. 2D), or with 100-fold excess of unlabeledat 378C with 10 U T4 polynucleotide kinase (Promega,
NF-kB (not shown) showed no staining.Buckinghamshire, UK) in a reaction containing 10 mCi
It has previously been found that cultured monocytes[g-32P]ATP (3000 Ci/mmol; Amersham, Arlington Heights,
and VSMCs possess NF-kB activity that increases inIL, USA), 70 mm Tris-HCl, 10 mm MgCl2, and 5 mm
response to inflammatory stimuli commonly overex-DTT. The reaction was stopped by the addition of EDTA
pressed in the atherosclerotic lesions [2]. For that reason,to a final concentration of 0.05 m. Nuclear proteins (10
it is of interest to know which of these cells are responsi-mg), obtained from rabbit arteries and rat kidneys, were
ble for the increased activity of this nuclear factor inequilibrated for 10 minutes in a binding buffer containing
vivo. Therefore, we subsequently performed Southwest-4% glycerol, 1 mm MgCl2, 0.5 mm EDTA, 0.5 mm DTT,
ern histochemistry and standard immunohistochemistry50 mm NaCl, 10 mm Tris-HCl (pH 7.5), and 50 mg/ml
using specific antibodies for rabbit macrophages andpoly(dI-dC). When competition assays were performed,
VSMCs. It can be observed (Fig. 2 E, F) that NF-kBthe cold probe was added to this buffer 10 minutes before
activity is present in the area occupied by both cell types.the addition of the labeled probe. Labeled probe (0.035
In these figures, the arrows point to a cell with the NF-pmol) was added to the reaction and incubated for 20
kB–activated nucleus in dark blue and the cytoplasm inminutes at room temperature. The reaction was stopped
brown.by the addition of gel loading buffer (250 mm Tris-HCl,
0.2% bromophenol blue, 0.2% xylene cyanol, and 40% Electrophoretic mobility shift assays
glycerol) and run on a nondenaturing, 4% acrylamide
Electrophoretic mobility shift assays were carried outgel at 100 V at room temperature in 89 mm Tris-borate,
to determine whether the labeling by the NF-kB and2 mm EDTA, pH 8.0 (TBE). The gel was dried and
AP-1 probes was specific to their respective sequences.exposed to X-ray film.
Protein extracts from rabbit arteries were incubated with
labeled NF-kB probe, showing a marked signal (Fig. 3,
RESULTS lane 1). Incubation with the mutant labeled probe and
the competition with a 100-fold excess of unlabeledAP-1 binding detection in the immune
probe resulted in a very light signal (Fig. 3, lanes 2 andglomerulonephritis model in rats
3), revealing the specificity of the assay.To evaluate the presence of AP-1 activity, a transcrip-
Protein extracts from rat kidneys were also analyzedtion factor involved in the gene regulation of inflamma-
for NF-kB and AP-1 binding (Fig. 3, lanes 5 and 11,
tory proteins and matrix components [8], we chose renal respectively), and the specificity was verified by competi-
samples from rats with IC glomerulonephritis. As can tion assays. Incubation with a 10- and 100-fold excess
be seen in Figure 1A, control rats did not show nuclear of unlabeled specific probes caused a dose-dependent
staining for AP-1, whereas the amount of positive cells reduction of shifted bands (lanes 6 and 7 for NF-kB and
was very increased in the kidney sections of rats with lanes 12 and 13 for AP-1), whereas the mutant probes
IC glomerulonephritis (Fig. 1B). Activated AP-1 was (lanes 8 and 14) or unspecific probes (lanes 9 and 15)
distributed in glomeruli (mesangial and epithelial cells) did not affect the intensity of the bands.
and in tubulointerstitial areas (tubular epithelial cells
and mononuclear infiltrating cells). The specificity of the
DISCUSSIONreaction was assessed by the weak, or negative, nuclear
staining when kidney sections were incubated with a 100- The results presented here show a novel method for
in situ visualization of DNA-binding protein. The mainfold excess of unlabeled probe (Fig. 1C), the mutant
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Fig. 1. Localization of activated AP-1 in rats with im-
mune complex (IC) glomerulonephritis. In situ de-
tection of AP-1 was performed in renal tissues using
digoxigenin-labeled oligonucleotide. Representative
glomerulus from a control rat (A), and a glomerulo-
nephritic rat showing positive staining in a large num-
ber of cells in the glomerulus and tubulointerstitium
(B). Absence of nuclear labeling was detected after
incubation with 100-fold excess of unlabeled oligonu-
cleotide (C) or with labeled mutant AP-1 probe (D).
Magnification 3400. The arrow indicates the presence
of a nucleus stained for AP-1. Publication of this figure
in color was made possible by a grant from Fondo de
Investigacio´nes Sanitarias (FIS).
Fig. 2. Arterial localization of NF-kB activity by South-
western histochemistry. Representative arterial sections
were hybridized with an oligonucleotide containing the
consensus sequence of the NF-kB recognition site. As
can be seen, the control animal (A) did not show any
staining for NF-kB, while the injured animal (B) showed
a marked increase in the presence of activated nuclei
both in intima (i) and in media (m). Incubation of
arterial sections with a labeled mutant NF-kB oligonu-
cleotide (C) or without consensus probe showed no
staining (D). Magnification 3400. In panel (E ) can be
seen a detail of the localization of the NF-kB activity
by double staining with anti a-actin antibody and with
antimacrophage in panel (F ). Magnification 31000.
The arrow indicates the presence of a nucleus stained
for NF-kB and surrounded by a cytoplasm stained
(brown color) with the specific antibody. Publication
of this figure in color was made possible by a grant
from Fondo de Investigacio´nes Sanitarias (FIS).
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Fig. 3. NF-kB and AP-1 binding proteins de-
tected by gel shift assay. Nuclear extracts from
rabbit arteries (left panel) were incubated with
NF-kB labeled consensus oligonucleotide (lane
1), labeled mutant NF-kB (lane 2), and preincu-
bated with a 100-fold excess of unlabeled probe
before addition of labeled probe (lane 3). Nu-
clear proteins from rat kidneys (right panel)
were assayed for NF-kB (lanes 5 to 9) and AP-
1 (lanes 11 to 15) activity. Competition with 10-
(lanes 6, 12) and 100-fold excess (lanes 7, 13) of
unlabeled consensus probes demonstrated the
specificity of the bands. Unlabeled mutant
(lanes 8, 14) or unspecific probes (lanes 9, 15)
did not reduce the shifted bands. Lanes 4 and
10 are incubations without protein extracts. The
arrows indicate the different complexes formed.
features of this report are that nuclear factors are de- studied NF-kB and AP-1 activation in fresh frozen sec-
tected in paraffin wax–embedded tissues and that nonra- tions of kidneys (working in different experimental con-
dioactive probes can be used. In relation to the method ditions), and we have obtained similar results, despite
originally developed for the detection of DNA-binding the facts that the tissue was easily degraded and the
proteins in frozen tissues [16, 21], our data extend this morphology was not very well preserved (unpublished
observation, allowing the in situ detection in paraffin results).
wax–embedded tissues, as well as the specific cell-type Second, the simultaneous detection of transcription
involved in this binding. factors and the identification of cells involved in the
To demonstrate the usefulness of this technique in activation of these factors can provide further informa-
paraffin wax–embedded tissues, we have studied two tion for studies of proinflammatory genes, whose expres-
different nuclear factors (AP-1 and NF-kB) in kidneys sion is regulated by different nuclear factors.
and injured vessels. One potential problem in using this Finally, the use of a nonradioactive probe is superior to
protocol is the stability of the DNA-binding proteins by
a radioactive one in terms of probe stability and personal
fixing the sections with paraformaldehyde. After a lot
safety. Furthermore, with the color technique, it is possi-of different assays, we assessed the optimal conditions
ble to distinguish several types of nuclear staining (in-of this detection. For example, the best treatment with
tense, light, and diffuse color), indicating the distinctparaformaldehyde was in a range of 0.2% to 0.5% (30
grades of activation found in the tissue cells. For thatto 40 min at 288C). Thus, when the sections were fixed
reason, this colorimetric method may be of higher sensi-with more than 0.5% paraformaldehyde, the DNA-bind-
tivity, allowing us to quantitate the colorimetric signalsing activity was reduced. In the same way, the pepsin-
by a computer-assisted image analysis system.HCl concentration and time of incubation were very
important steps, because when the sections were incu-
bated for more than 40 minutes, tissue degradation oc- ACKNOWLEDGMENTS
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